The purpose of this study is to investigate cavitating flow of the multistage centrifugal pump. Cavitation is observed in the It is showed that the simulation represents the head drop about 3%.
Introduction
Cavitation generally occurs if the pressure in a certain region of liquid flow drops below the vapor pressure and, consequently, the liquid is vaporized and filled with cavity (1) . The cavitating flow is usually observed in various propulsion systems and high-speed underwater objects, such as marine propellers, impellers of turbomachinery, hydrofoils, nozzles, torpedoes, etc.
This phenomenon usually causes severe noise, vibration and erosion (2) (3) . Therefore, in order to reduce these unfavorable effects, technology for accurate prediction and estimation of cavitation are very important in the development of high-speed fluid devices (4) . Due to the importance of the cavitation phenomenon and the great process in the cavitation and turbulence models, numerical simulations have been widely used to investigate the cavitation flow field in the pumps (5～9) .
In order to clarify and understand the behavior of cavity flow, cavity flow models and analytical methods for numerical simulations have been proposed (10～13) .
Potential flow methods have been employed for decades
to model large cavities in a variety of liquid flow systems including pumps (5, 14) .
The CFD plays an important role in the flow field analysis; the advanced commercial CFD software can be used for a wide range of flows, including the cavitating flows (15～17) . Over the last decade, due to the advancement of the physical modelling and the computational capabilities for cavitating problems, the methods based on the Navier-Stokes equations in computing cavitating flows have received increasingly more attention. These methods are divided into the following three main categories: the interface tracking method (18) , the barotropic equation method (19, 23) , and the two equations transport method (TEM) (20～22) . Among them, the two equations TEM is most widely used strategy, where the flow is treated as a two-phase system with mass transfer between the vapor and liquid phases. In these models, either the simplified Rayleigh-Plesset (R-P) equation (20～22) , or the empirical formula (21) are used to establish the interphase mass transfer rates. The mechanisms for cavitation have been extensively investigated (23～24) , and noticeable efforts have been made on the cavitaion and turbulence models for the simulation of cavitating flow (8) . However, it is difficult to predict accurately cavitation flow simulation in the complex geometry centrifugal pumps. The present study of this paper is focused on the cavitation performance in the centrifugal pump impeller, the development of the cavitation at the suction leading edge of the impeller. In the numerical prediction, the Singhal (20) proposed R-P cavitation model, and a two-phase 
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The fluid in the cavitating flow field for the pump is considered as a homogeneous, compressible mixed medium of vapor and liquid. The governing differential equations are given as Eq. (1), (2);
Where ρm and μ are the mixture density and dynamic viscosity, calculated by the weighted average of each phase volume fraction, u is the velocity, p is the pressure, and μt is the turbulent viscosity respectively and subscripts i, j, k denotes the axes directions.
Mixture density and turbulence viscosity are defined by Eq.(3):
The fluid density is a function of vapor mass fraction fv, which is computed by solving a transport equation coupled with the mass and momentum conservation equations. Here, the cavitation model proposed by
Singhal et al. (20) . The mixture density is as
Where fv, fg, fl are the component mass fraction of the vapor, gas, and liquid; ρv, ρg, ρl are the component densities, and αv, αg, αl are the volume fractions. The vapor mass fraction f, is governed by a transport
The source term  is the diffusion rate, Re and Rc 
The recommended values of the empirical factor constants Ce and Cc for 0.02 and 0.01 the gas mass fraction fg=1.5x10-5, the surface tension coefficient σ . The unknown turbulent viscosity μt is determined by solving two additional transport equations for the turbulent energy k, and for the turbulence frequency ω. These two equations can be written as Eq. (8, and 9) k-equation:
Where, Pk is the production rate of turbulence, μt is the turbulent viscosity, α, β, β',  and   are constants.
Computational Methodology
The model pump of impeller and diffuser were The impeller-diffuser domain is shown in Fig. 2 . A commercial CFD code CFX with SST model was used (2 5～27) . The boundary conditions of pump model considered as static frame total pressure at inlet and mass flow rate at outlet under cavitation condition.
Generally the boundary of inlet and outlet is same as under non cavitation condition. As the wall boundary condition, no slip condition is on the wall surface. The volume fraction of the vapor and the water are assumed to be 0 and 1 respectively. A steady state analysis is performed in the pump simulation with the given rotational speed at 3600 rpm and the given mass flow rate. 
Results and discussion
The single-phase experimental and computational performances curves are shown in Fig. 4 . The can be regarded as a measure for the margin against vaporization of the fluid entering the pump (28) . The NPSH is defined as Eq.(10)
Where pin is the static pressure at the pump inlet, pv is the vapor pressure depends on the liquid temperature. Pump head H is the difference in total energies at pump inlet and outlet, and it is formulated as Eq. (11)  
Where pin is the static pressure at the pump upstream, H is the pump head, Utip is the impeller peripheral speed. 
Effect of NPSH
Conclusion
The 
